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Gelatin Plasticized with a Biodiesel Coproduct Stream
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Cast gelatin films were plasticized with a bicdiesel coproduct stream (BCS). Films were well formed
and appeared homogeneous by visual inspection. There is no deterioration in mechanical properties
when BCS replaces glycerol as plasticizer. A BCS content of 18-34% resulted in elongations of
35-182%, with corresponding. tensile strengths of 45-6 MPa and elastic moduli of 1330-38 MPa.
Factor analysis indicated that replacing glycerol with BCS increases elongation but has little effect
on tensile strength or modulus. The use oi BCS as a plasticizer for biopolymers would increase the

value of BCS, increase the value

and mcreas% mﬁf 51 %yg i
increase the feas roduclng erm[pé%
more expensive 1han starch. Wed,
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1. INTRODUCTION

Bioproducts, including bioplastics, conserve pe
natural gas resources, add little to problem
management and, through their composting; con
agricultural productivity." Bioproduct technol
needed in which there is a large difference between”
material costs and the value created. One strategy for
improving the economics of bioproducts manufa&.f%éb
use industrial coproducts, recycled industrial b

abundant agromaterials as feedstocks. :

In biodiesel production, the sale of coprod
has been used to offset the cost of raw materials.* How-
ever, increased biodiesel production has led to an increase
in glycerol supplies, and the resulting lower price of glyc-
erol has caused a decreased cost offset. In fact, the current
price of crude glycerol (BCS) is less than five cents per
pound, while refined glycerol sells for between 35 cents
and 50 cents per pound. Thus, the costs involved in refin-
ing the glycerol currently exceed what could be recouped
by selling the refined material. As the biodiesel industry
continues to expand, these numbers will only worsen as
more and more glycerol is generated.

Additional markets for the glycerol coproduct would
improve the overall economics of biorefinery operations,
and increase the feasibility of fuel production in a biore-
finery. If the untreated biodiesel coproduct stream (BCS)
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Jiopolymers now

e used without refining, the economics would be
proved.
)l can act as a biopolymer plasticizer by reducing
ransition temperature, which raises the possibil-
rketing biodiesel glycerol for the production of
s. The plasticization of biopolymer thermoplastic
s by untreated BCS has not previously been reported.
in, was chosen for the present study because it is
oduced in large amounts and is.used in a variety
al processes.” Also, gelatin, unlike some biopoly-
hermoplastic and can be processed by conven-
tional means, such as extrusion and injection molding.>¢
One potential use of gelatin or gelatin waste is in
the production of agricultural soil conditioners.”!! Poly-
mers that have been examined as soil conditioners include
polyacrylamides,'>"* polyvinyl alcohol'™ !¢ and poly-
saccharides, 2 but they have been studied mainly in labora-
tory simulations; field studies are rare.'” Gelatin has several
properties that make it potentially useful as a soil condi-
tioner material. It is biobased, in contrast to petroleum-
based polymers such as polyacrylamides and polyvinyl
alcohol; it has a high nitrogen content, in contrast to most
polysaccharides; and it is biodegradable.'®
The purpose of the present study was to compare glyc-
erol and untreated BCS as plasticizers for gelatin. The first
objective was to determine whether the presence of the
non-glycerol components of BCS would prevent the for-
mation of viable films. The second objective was to com-
pare the mechanical properties of BCS-plasticized films
with those of films plasticized with glycerol. The study is,
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therefore, a prerequisite to further consideration of using
low-cost BCS to produce thermoplastics from gelatin. The
possibility is also recognized of using BCS with other
biopolymers now more expensive than starch.

2. EXPERIMENTAL DETAILS
2.1. Materials

Gelatin (Type A G2500) and glycerol were purchased from
Sigma Chemicals. The sample of BCS was obtained from
OceanAir Environmental Fuel & Glycerine, LLC, Lake-
land, FL. It was dark brown in color. Its composition,
described in Table I, was assessed as follows. Methanol
content was determined by evaporation to constant weight
at 22 °C, IS mm Hg. Glycerol content was determined
by enzymatic assay (Glycerol-SL assay, Diagnostic Chem-
icals Ltd., Prince Edward Island, Canada). Total 'urgani:.s
(without glycerol) were determmed by washm% >the BCS i
excess hexane; all free t
erides end up in the hexane ayer w ile g ycero
in the aqueous later. Sodium sulfate was th
hexane layer to remove any water present and the h
was evaporated to dryness. Absolute content of the organlc
fraction was performed by HPLC."?

Methanol was then removed by heating in an
beaker until the temperature reached 72 °C.
loss of 17% was assumed to include the 9% me
by difference, an 8% loss of water. The comp
the BCS after methanol rémoval was therefore t
47% glycerol, 10% other organics, and 43% w4
the organic component consisted of 82% glycerol an
other organics. '

X,

2.2. Film Casting

Gelatin compositions were formulated as in
which shows the wt percent (%) composition based
total weight of gelatin and either glycerol or BCS. Pre-
vious work,?®! had shown that a mid-range composition
of gelatin-glycerol cast films, with respect to tensile prop-
erties, is approximately 72% gelatin and 28% glycerol.
Sample compositions 1-4 represent a control mid-range
glycerol film, and films with BCS replacing the glycerol in

Table I. Composition of the biodiesel coproduct stream.

Component Weight percent (%)
Methanol 9
Glycerol 39
Non-glycerol organics, total 8
Free fatty acids 487, 53°
Alkyl esters 40°
Diacylglycerols 5¢
Monoacylglycerols 1
H,0 44

@ Titration. "HPLC.
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Table IL.  Composition of gelatin samples showing the weight percent
(%) gelatin and either glycerol or BCS.¢

Sample Gelatin Glycerol BCS
1 72 28 0
2 82 0 18
3 72 0 28
4 66 0 34
5" 72 28 0

“Combined weight was 20.0 g. Solvent was 400 mL water. Samples 1-4 alsv con-
tained 30 mL of NH4OH solution (30%). ®Identical to sample 1 except sample 5
contained no ammonium hydroxide.

low-plasticizer, mid-range plasticizer, and high plasticizer
compositions.

When gelatin films are cast at neutral pH, partial renat-
uration occurs as the solution is cooled, forming collagen
triple-helical structures.!" Samples 1-4 contained ammo-
nium hydroxide to prevent renaturation. Sample 5 did not
contain NH,OH but was otherwise identical to sample 1;
by itigervedas a control to determine the effect of NH,OH

g ‘3&,
rs ‘““3 Ear ?ﬁ 1574 x, E gmmns’il@,ppop@gliig‘\ Thepresence of ordered structures in
maKts |3 3 ’samiples5 and the disordered nature of the gelatin chains
2iinosamplés: (14 was confirmed by differential scanning

calorimetry (DSC) (see below).

The sample components (20.0 g total wt) and 30 mL of

H solution (30%) were added to 400 mL of water.

les were heated with stirring in an open beaker
Samples were cast, dried at ambient labora-

erature and relative humidity, and stored prior to

sting for four weeks, also at ambient laboratory

ensile Properties

iensile testing, samples were conditioned for two
_ ﬁ temperature of 23 & 2 °C and relative humid-

0+ 5%, according to ASTM Standard Practice
8 Those conditions were also maintained during the
tcm.[le measurements. The standard conditioning environ-
ment was provided by an environmentally controlled lab-
oratory room. Tensile measurements were made on an
Instron Model 5543 testing system with a 100 N load cell
according to ASTM Test Method D882. Specimen width
was 1.27 cm; gage length was 5.08 cm; and test speed was
5.08 cm per min.

Samples were then stored in sealed plastic bags for
12 months at ambient laboratory temperature and rel-
ative humidity. Following a 48 hr conditioning period
under the same conditions used previously the tensile mea-
surements were repeated. The standard conditioning envi-

" ronment was provided by an environmentally controlled

laboratory room.

2.4. Differential Scanning Calorimetry

Measurements were made on a Perkin Elmer DSC7 differ-
ential scanning calorimeter at a heating rate of 10 °C/min.

J. Biobased Materials and Bioenergy 3, 5761, 2009
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2.5. Modeling (a) 250
Tensile properties were modeled with SAS JMP7 software o #0
(SAS Institute, Cary, NC). ANOVA (Analysis of Variance) § 150 %
was first used to identify the factors that contributed to the g 100+ %
variation in tensile properties in a statistically significant 2
manner. Those factors were then used to fit the experi- R0 %
mental data to a semi-quantitative model. To do so, the 0 T T
Fit Model routine of JMP was used with the standard L = 30 40
least squares fitting option and emphasis on effect lever- BCS, %
age. Role variables were elongation, modulus, or tensile (b) 1500
strength. @

For each variable, modeling began using, as effects, the @
composition factors indicated by the ANOVA analysis as S 1000
being statistically significant. Cross-terms were added if g
doing so improved the model statistics. Goodness of fit of -
the model was measured by R, root mean square error, and =
p value. Low p values refiect the statistical significance of ’ @
the analysis. For example, a p value of 0.051 1qates th%:}‘i i : }0 : X
the differences observe <pected NECHIN 10 21:} 30 40
il otice 10 1/p =320 d‘ﬁ@% lg Fzga 5 &\&5;2 i%cvzoml Resear i s, o
tional factor did not affect the variable. Cum sl' 31.& Zi’?@’{} ‘2 iﬁﬂr’.—
with a p value greater than 0.05 were eliminat& R : i O

S 40+

3. RESULTS AND DISCUSSION

Gelatin films, whether plasticized with glycerol
were well formed and after four weeks appear
geneous by visual inspection. After 12 months
from visual inspection, evidence of some pha
tion in the BCS plasticized films. The tensile p
of gelatin films measured after four weeks and ag
12 months are shown in Table IIL _

After four weeks, the greatest elongation (1
observed in the sample with 34% BCS. The hi
ulus and tensile strength values (1.3 GPa an
respectively) were those of sample 2 containing 18%:
its elongation was 35%. That material appeared tough and
leathery.

Figure 1 shows the dependencies of elongation, modulus,
and tensile strength on %BCS for samples 2-4, compared
with the glycerol samples 1 and 5. BCS shows typical
plasticizing effects; as the amount of BCS increases, the

10 20 30 40
BCS, %

‘compared with the glycerol control, sample 1, (& four weeks;
15). Error bars smaller than the symbol size are not shown.

n increases, while the tensile strength and mod-

" qus decrease After four weeks, replacing 28% glycerol

with 28% BCS appears to have no significant effect on
modulus or tensile strength, but increases elongation. After
12 months, the replacement of glycerol with BCS (at 28%)
appears to have no significant effect on any of the tensile
properties. At 18% BCS aging decreases tensile strength.

Table ITI.  Elongation at break (g), Young's modulus (E), and Stress at break (o) determined by Tensile tests on 4-week-old and 12-month-old gelatin

films.?

4 weeks 12 months
Sample” N £ (%) E (MPa) o (MPa) N £ (%) E (MPa) o (MPa)
1 13 827 243 + 30 178+ 16 8 67 £+ 15 275 £ 43 1594+ 25
pA 9 3546 1331+ 74 b i 1 8 44 + 19 1037 + 193 431+12
3 10 121 £ 8 179 + 41 166 £ 1.7 9 88 + 21 189 + 26 138 £3.0
4 14 182 + 12 38+3 5905 8 157 £ 21 56+ 9 00 1.5
5 10 43 + 4 748 £ 51 290%1.0 8 49 & 2 932 &+ 43 338+ 0.7
“Average values = standard deviation. N = number of specimens. ® Average sample thickness ranged from 0.15-0.21 mm.
J. Biobased Materials and Bioenergy 3, 57-61, 2009 59
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Fig. 2. DSC curves of (a) a gelatin film cast with arnmamum h);dm@f% o
s E

and (b) a gelatin film cast without ammonium hydroxl

Figure 2, curve (a), shows the DSC scan of sampl
containing ammonium hydroxide, and curve (b), sh
DSC averaged over five specimens of sample 5
taining ammonium hydroxide. When ammoniur
ide is absent there is evidence of the denaturing [
structures characterized by a helix-to-coil transifios
perature of 66,0 £ 0.5 °C and AH 0of 24.2 + 0.6 ]
The denaturing feature does not appear when: am
hydroxide is present. The feature also does not ap
during a second scan of samples not containin
nium hydroxide. Therefore, ammonium hydro
vents the partial renaturation of gelatin samples
formation, S

ANOVA indicated those factors that had no s
cant effect on tensile properties, and were therefore not
included in further modeling. For example. aging had no
statistically significant effect on any of the tensile proper-
ties; p values were 0.7 or larger. Plasticizer type (glycerol
versus BCS) had no significant effect on tensile strength
or modulus.

The purpose of further modeling, by least-squares fit-
ting, was to obtain semi-quantitative descriptions of the
qualitative correlations presented in Table IIT and Figure 1.
The ten average values of Table III were used in the analy-
sis. A summary of the modeling statistics for gelatin films
is shown in Table IV. The fits of all three tensile proper-
ties were statistically significant; at least 90% of the vari-
ance was accounted for (R?) and all p values were less
than 0.05.

The modeling, firstly, confirms the results suggested in
Table III and Figure 1 that increasing the amount of plas-
ticizer increases elongation (positive scaled estimate) and

60

"‘.'.gv*\ 1!;1

Stevens et al.

Table IV. Statistical results from modeling properties of gelatin
samples.”

Property/factor R* rms error Scaled estimate p value
Elongation 0.91 18% 0.0002
Plasticizer Amount 64 £ 9 0.0002
BCS" 55+ 10 0.0020
Modulus 0.90 165 MPa 0.0003
Plasticizer Amount -599 + 81 0.0002
NH,OH* =596 £ 130  0.0067
Tensile Strength 096 3.0 MPa 0.0001
Plasticizer Amount -164 + 1.5 <0.0001
NH,OH* -136+24 00013
Plasticizer Amount x Age? 76 +29 0.0411

“R? is a measure of the variance that is explained by the model: rms is the root
mean square error; scaled estimate is a measure of the relative importance of the
various factors for a given property. For p value see text.

The scaled estimate is the effect of BCS relative to glycerol.

“The scaled estimale is the effect of NH;OH relative to no NH,OH.

“A cross term indicates that the effect of one factor depends on the other
factor.

£

déeteaé’es sriodaius and Vtensilelstrength (negative scaled
' shmaies). It also confirms that BCS has a larger effect
ohY e]én@%’tﬁj‘n than pure glycerol (positive scaled esti-
mate for BCS), but replacing glycerol with BCS does not
ffect modulus or tensile strength. Ammonium hydroxide
es modulus and tensile strength.

ly, through its scaled estimates, the model gives
insight by indicating, for example, that the
sticizer is approximately equal in importance

J_

+OH is approximately as important as the amount
izer in reducing modulus and tensile strength.

: §}%%“unmb’.difficd biodiesel coproduct stream (BCS) having

a ratio of 82 parts glycerol to 18 parts other organic com-
pounds (free fatty acids, alkyl esters, monoacylglycerols,
and diacylglycerols) plasticizes gelatin. The non-glycerol
components of BCS do not prevent the formation of
gelatin films. The range of properties that can be achieved
with BCS-plasticized gelatin is broad; BCS contents
of 18-34% result in elongations of 35-182%, tensile
strengths of 45.1-5.9 MPa, and modulus values of 1331—
38 MPa. Tensile properties can be varied by manipulat-
ing composition variables. Aging for 12 months decreases
tensile strength at low plasticizer level but otherwise has
little effect on tensile properties, in spite of evidence of
some phase separation. Thus, there is no deterioration in
the mechanical properties of cast gelatin films when BCS
replaces glycerol as a plasticizer.
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